29 boys and 22 girls apparently healthy children age and gender matched served as a control group. Their age was 8.31 ± 4.19 years.
Ethical clearance from Faculty of Medicine, Menoufia University ethical committee was obtained and Informed consent was taken from the legal guardians of the included children before participation.
Included patients were passed through detailed history taking and clinical examination. For each participant, body weight and height were measured by the standard methods with estimation of body mass index (BMI=weight in kg/height in m 2 ).
Blood sampling: 7 mL of venous blood were withdrawn from each subject and divided as follows: 3 mL in a vacutainer plain test tube and was left to clot and then centrifuged at 3000 rpm for 10 min, serum was then separated and stored at -80°C until used for measurement of Iron, ferritin, hepcidin, Renal and liver functions. 4 mL of venous blood were delivered in a two vacutainer EDTA-containing tube one for complete blood picture estimation and the other for detection of HFE gene C282Y mutation. Liver enzymes (ALT, AST), Renal function tests (serum creatinine and blood urea) and alkaline phosphatase were analyzed on autoanalyzer (SYNCHRON CX5) from Beckman (Beckman, instrument Inc., Scientific Instrument Division, Fullerton, CA92634 -3100). Quantitative colorimetric measurement of Iron was done [13] .
Serum ferritin and hepcidin were determined using commercial ELISA kits (Immunodiagnostic Systems Limited, Bolden, UK) and EIAab ® Human Hepcidin prohormone ELISA kit, China, respectively [14] . HFE gene (C282Y) rs1800562 mutation.
Genomic DNA was extracted from whole blood using the Whole Blood Genomic DNA extraction Kit (Thermo Scientific, Vilnius, Lithuania). HFE gene (C282Y) rs1800562 mutation was detected using the TaqMan allelic discrimination Assay technique that detects variants of a single nucleic acid sequence. The actual quantity of target sequence is not determined. The allelic discrimination assay classifies unknown samples as follows: Homozygotes samples with only allele 1 or allele 2 or Heterozygotes samples with both alleles 1 and 2. Using the universal taqMan Master Mix from Thermo scientific, the primers and Taqman probes were designed by Applied Biosystems (Foster City, CA, USA) Life Technologies. The reaction mixture was prepared by mixing 10 ul of master mix, 1.25 μl of 20x SNP assay kit contain primers and probes and 3.75 μl of DNAse-free water. For each unknown reaction, 5 μl of genomic DNA template was added and for the negative control reaction, 5 μl of DNAse-free water was added.
The cycling condition were set as follows: 50°C for 1 min Pre-PCR read, then 95°C for 10 min and 45 cycles of 95°C for 15 s, 60°C for 1 min (cycling) and 60°C for 1 min (Post-PCR).using the 7500 Real-time PCR system (Applied Biosystems, Foster City, CA, USA). The mutation appears in allelic discrimination plot (Figure 1 ).
Statistical Analysis
Data entry, coding and analysis were undergone using SPSS (20) 
Results
The results of this study show a significant lower body weight, height in children with β-thalassemia compared to the controls. Also, a significant difference in number and % of children has be done splenectomy operation in patients group compared to control (Table 1 ).
There was a significant increase in ALT, AST, alkaline phosphatase, ferritin, Iron levels, hepcidin levels, MCV, MCH, RDW values and WBCs count in β-thalassemia patients compared to control. While there was a significant decrease of hemoglobin levels, RBCs count and TIBC (Table 2 ).
There was a significantly increased frequency of the A genotype and A allele of HFE gene (C282Y) mutation in patients group compared to controls with confidence interval 95% Odd Ratio was 1.69 (1.46-1.96) between AA genotypes, 3.70 (1.53-8.94) between AG genotypes and 3.78 (1.67-8.50) between A allele in the two group (Table 3) .
There was significant differences among AA, AG and GG types of HFE gene (C282Y) mutation as regard ALT, AST, urea, creatinine, alkaline phosphatase, ferritin, Iron levels and WBCs count in β-thalassemia patients with significant increase in AA genotype than both AG and GG genotypes. Also, there was significant increase in splenectomy percent among AA genotype than other two genotypes in patients group. While there was a significant decrease of hepcidin levels in AA genotype than both AG and GG genotypes (Table 4 ).
There was a significant association between Ferritin, Alkaline phosphatase, TIBC levels, hepcidin levels and HFE mutation by multivariance regression analysis model. There were significant differences among AA, AG and GG types of HFE gene (C282Y) mutation as regard number and % of patients with ferritin level equal or more than 2500 ng/ml as index of iron overload group with AA and AG genotypes have significantly higher rates of iron overload than GG genotype (Table 5) .
Discussion
Multiple transfusions can lead to the accumulation of excessive iron in the body which needs to be corrected using chelating agents to remove excess iron by excretion [15] .
Transferrin is a carrier of iron to be soluble in plasma, however when (transferrin saturation. increases over 45%, new circulating iron species can appear, named non-transferrin bound iron (NTBI), which has a very special kinetics in so far as, it targets with very high affinity the parenchymal cells, especially the hepatocytes [16] .
The redox potential of tissue iron as environmental modifier may be the cause of chronic liver disease in hemochromatosis [17] .
The aim of this study was to evaluate the frequency of rs1800562 HFE mutation in children with beta thalassemia and the correlation between these mutations with parameters of Iron indices including hepcidin levels.
In the present study There was a significantly increased frequency of the A genotype and A allele of HFE gene (C282Y) mutation in children with beta thalassemia compared to controls.
Less commonly two additional mutations were noted other than the C282Y homozygous mutation, aspartate for histidine (H63D) and cysteine for serine (S65C) [18] .
The coexistence of two iron metabolism disturbances, beta thalassemia and C282Y mutation in the present study has no explanation but it leads to an additional overload and an increase of oxidative stress in blood cells which may explain the difference of the clinical course between children with beta thalassemia [19] .
In accordance to the present study Kaur et al. [20] , found that 2 out of 81 patients with beta thalassemia were positive for C282Y rs1800562 mutation. While the studies of Enein et al. [21] , Mellouli et al. [22] and Karimi et al. [23] , found no cases of this mutation in both patients and control groups.
In the present study there was no significant difference in genotypes of C282Y rs1800562 mutation as regard gender. Matched with this, the study of Katsarou et al. [24] found no association between the HFE polymorphisms rs1800562 and gender could be established.
In the present study in β-thalassemia patients there was a significant increase of serum Iron and ferritin levels in AA genotype than both AG and GG genotypes. Also, there was a significant increase in the splenectomy percent among AA genotype than other two genotypes in the patient group.
A several studies stated elevated serum ferritin concentration as a sensitive indicator of body iron stores with a relationship between C282Y homozygosity and elevated body iron stores [25] .
In this study in β-thalassemia patients there was a significant decrease of serum hepcidin levels in AA genotype than both AG and GG genotypes.
In accordance with this study Piperno et al. [26] found that mutations of HFE lead to hepcidin deficiency and the adult form of hereditary hemochromatosis.
In the present study there was a significant increase number and % of patients with ferritin level equal or more than 2500 ng/ml as an index of iron overload with AA and AG genotypes.
Serum ferritin levels of greater than 2500 μg/l are known to have high rates of iron overload-related complications [15] . But individuals with Cys282Tyr homozygosity might present with abnormal iron tests with or without clinical symptoms and with or without proving evidence of iron overload [27] .
This can explained by a conformation change in the structure of mutated HFE protein which may prevents the deactivation of transferrin receptor by entering the hepatocyte. So, this receptor will continue to release iron, causing iron overload in the liver [28] .
Perhaps liver affection may lead to failure in the production of the liver iron hormone hepcidin in hepatocytes in response to excessive iron absorption from the diet and iron deposition in tissues, causing multiple organ damage and failure [29] .
This work shows that as there is a correlation between HFE mutation and hepcidin levels the presence of HFE C282Y mutation may be a predictor of susceptibility to iron overload due to deficiency of hepcidin in Egyptian Beta thalassemia children. 
